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Abstract 
Serpentinization of ultramafic rocks is considered a major process of production of abiotic methane (CH4) and 
hydrogen (H2) on Earth, and it may be responsible for CH4 occurrence on other planets. While serpentinization and 
CH4 synthesis have been widely studied and modeled in high temperature hydrothermal conditions, such as on 
submarine mid-ocean ridges, the increasing number of discoveries of abiotic CH4 in ophiolites on continents shows 
the importance of present-day (meteoric water driven) serpentinization in low temperature (<100 °C) gas synthesis. 
As a new case, we report compositional, isotopic, and flux data of gas dissolved in hyperalkaline Ca-OH waters 
issuing from serpentinized peridotites at Genova (Italy). CH4 is dominantly abiotic (δ13C: -9 ‰ VPDB; δ2H: -168 to -
225 ‰ VSMOW), similar to that released by ophiolites in Oman, Turkey, the Philippines, and by the submarine Lost 
City serpentinization system. While the absence of CO2 was expected in this kind of fluids, the absence of H2 is 
unusual. This could be due to hydration of olivine and pyroxene by CO2-rich fluids, eventually associated with high 
silica activity, which inhibits H2 formation and produces CH4 directly. Thermodynamic modeling and H2O-CH4 
isotope equilibrium confirm the low temperatures (<60°C) of the serpentinization system, and thus the abiotic 
methane synthesis. 
 
© 2012 The Authors. Published by Elsevier B.V.  
Selection and/or peer-review under responsibility of Organizing and Scientific Committee of WRI 14 - 2013 
 
Keywords: abiotic methane, serpentinization, ophiolites 
1. Introduction 
Serpentinization (i.e., olivine and pyroxene hydration) of ultramafic rocks (peridotites) is a process 
capable of producing abiotic gas, methane (CH4) and hydrogen (H2), over a wide range of temperature 
and pressure conditions [1 and references therein]. It has profound implications in astrobiology and 
energy resource exploration, in particular for hypothesizing on the origin of life on Earth and of the CH4 
discovered in the atmosphere of Mars [1,2]. The main CH4 production pathway is considered to be a 
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catalyzed Fischer-Tropsch Type (FTT) reaction, such as the Sabatier reaction (CO2 + 4H2 = CH4 + 
2H2O), so that CH4 is not produced directly by serpentinization but is derived from H2 produced by 
peridotite hydration and CO2 from external sources. H2-free and CH4-rich gas is however found in some 
ophiolites [3,4] and this has led to the re-evaluation of overlooked mechanisms based on hydration of 
peridotite mediated by CO2-rich fluids that provide CH4 directly instead of H2. Concurrently H2 
production can be inhibited by high silica activity [3,5]. In any case, the synthesis of ophiolitic gas 
follows meteoric water driven present-day and low temperature serpentinization, characterised by 
hyperalkaline (pH >10) and calcium hydroxide (Ca-OH) waters [6,7].  
Here, we present compositional and isotopic data of gas dissolved in this kind of waters discharging 
from two springs, Branega River and Acquasanta Terme, in ophiolites in north Italy, close to Genova city. 
Although the presence of CH4 in these springs was already known [7], no isotopic data were available to 
define the origin of the gas. In addition we determined, the fluxes of CH4 into the atmosphere. 
Thermodynamic modeling [6] and the H2O-CH4 hydrogen isotope ratio equilibrium were then used to 
define the serpentinization processes and their temperature, respectively. 
 
2. Methods 
 
Temperature and electrical conductivity were measured in the field, whereas labile parameters [pH, 
tot-Alk, SiO2(aq), NO3-, NH4+, tot-S(-II)] were determined in a laboratory within 24h of sampling.  
Direct measurements of the quantities of gas exhaled from water were performed by a portable CH4-CO2 
flux meter (West Systems, srl, Pontedera, Italy) equipped with a TDLAS (Tunable Diode Laser 
Absorption Spectroscopy) CH4 detector (accuracy 0.1 ppmv, lower detection limit 0.1 ppmv) coupled 
with a double beam infrared CO2 sensor (Licor; accuracy 2 %, repeatability ±5 ppmv and full scale range 
of 2000 ppmv). A portable semiconductor H2 detector (Hydrotech Huberg, Italy; detection limit of 5 
ppmv) was also used. All instruments “sniffed” the gas released from the water through a small funnel 
positioned at the spring outlet. Gas flux from soil around the Acquasanta spring was also measured by a 
closed-chamber method [3] using the West Systems sensor. 
Water samples for laboratory gas analyses were stored in 240 mL borosilicate glass bottles, poisoned with 
HgCl2, and sealed with PTFE/Gray Butyl Rubber Septa and aluminium caps. Molecular and the CH4 
isotopic composition analysed after 2 weeks at Isotech Laboratories Inc. (Illinois, USA) by gas 
chromatography (C1-C6 hydrocarbons, He, H2, Ar, O2, CO2, N2, by a Shimadzu 2010 TCD-FID GC; 
accuracy 2 %) and by isotope ratio mass spectrometry (IRMS, Finnigan Delta Plus XL mass spectrometer, 
precision ± 0.1 ‰ for 13C and ± 2 ‰ for 2H). 
 
3. Results and discussions 
 
3.1 Field gas detection and molecular and CH4 isotopic composition 
 
In both springs the portable sensors detected the presence of CH4 and the absence of CO2 and H2. This 
was confirmed by gas chromatographic analyses (Table 1). The C and H isotopic composition of CH4 
dissolved in both springs suggests a dominant abiotic origin (Fig. 1a); the δ13C and δ2H values are similar 
to those of CH4 issuing in the ophiolites in Zambales (the Philippines), Chimaera (Turkey), Semail 
(Oman) and in the Lost City submarine hydrothermal system. In both springs CO2 and H2 were below the 
gas chromatographic detection limit (0.005% and 0.001%, respectively). While the lack of CO2 is a 
common feature of hyperalkaline waters, the lack of H2 is unusual. The lack of H2 could be due to high 
silica activity that inhibits H2 production, and a concurrent reaction (1), which provides CH4 directly, 
[4,5]. Petrographical and mineralogical analysis will however be necessary to verify this hypothesis. 
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3.2 CH4 flux to the atmosphere 
 
Based on the linear regression of increased CH4 concentration values over time inside the funnel 
positioned at the point of water discharge, CH4 flux from individual water degassing points was estimated 
to be 1.6 kg y-1 at the Branega spring and 0.12 kg y-1 at Acquasanta. CH4 detection in tap water inside the 
spa suggests that the overall amount of CH4 liberated to the atmosphere is significantly larger. At the 
Branega river CH4 flux was also detected over the water stream (from 50 to 40 g m-2 day-1 several meters 
from the spring). The total CH4 emission from the two spring sites was estimated to be of the order of at 
least 85 kg y-1. 
Table 1. Physico-chemical parameters (silica in mg/L), dissolved gas (vol.%) and CH4 isotopic composition (‰VPDB for C, 
VSMOW for H) in the Genova hyperalkaline springs. CO2 and H2 were not detected. 
Spring coordinates T °C pH SiO2(aq) CH4 C2H6 C3H8 N2 O2 δ13C1 δ2H1 
Branega  8°47'2.18"E; 44°27'9.13"N 20.3 11.46 3.4 19.70 0.039 0.0013 77.71 1.39 -9.1 -168 
Acquasanta 8°46'13.89"E; 44°27'33.27"N 22.8 11.48 1.9 16.37 0.021 bdl 76.12 6.65 -9.3 -225 
 
 
Fig. 1.  δ13C vs δ2H diagram of methane in solution in the Genova hyperalkaline springs (A: Acquasanta; B: Branega), compared to 
abiotic methane from other serpentinized ultramafic rocks (data from [2,3]). 
 
3.3 Serpentinization modeling and temperature 
 
Bruni et al. [8] explained the high-pH of the Voltri springs as due to the interaction of meteoric water 
with serpentinized lherzolite in a system closed to CO2 and temperature of 25 °C, where the switch from 
Mg-bicarbonate to Ca-OH occurs after precipitation of sepiolite. However that model clashes with the 
lack of sepiolites in the Voltri Group; in fact, sepiolite forms after weathering of serpentines in arid 
climate regions, but are rare in humid climate regions such as the Ligurian Apennine [6]. Based on 
activity diagram for Mg-(Al, Fe)-bearings silicates [6], it is evident that Mg-bicarbonate waters with a 
higher [Mg2+]/[H+]2 ratio, that are the most evolved in terms of water-rock interaction, do not follow the 
sepiolite equilibrium lines, but the serpentine ones. Therefore silica and magnesium are scavenged from 
waters during serpentine precipitation and waters evolve towards the Ca-OH facies. In fact, hyperalkaline 
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waters also follow that path, with Branega and Acquasanta waters showing the lower [Mg2+]/[H+]2 ratio 
notwithstanding their highest pH. Bruni et al. [8] also explained that the presence of the methane in 
hyperalkaline waters causes the reduction of dissolved carbonate, thus implicitly assuming the occurrence 
of Fisher-Tropsch type processes. However, the lack of hydrogen from the water excludes such processes; 
CH4 could then be produced directly by serpentinization mediated by CO2, as suggested in other cases 
[3,4]. For Acquasanta spring, a value of δ2H(H2O) = -44.3 ‰ was observed in 2001 [8]. Therefore, 
supposing that H2O-CH4 equilibrium is obtained at depth and using the hydrogen fractionation equation 
[9], we can infer a maximum temperature of about 60°C. The water-methane equilibrium assumption is 
consistent with the long circuit and residence time at depth being more than the 100 years estimated for 
hyperalkaline waters from tritium concentration [8]. 
4. Conclusions 
The Genova hyperalkaline springs release abiotic (or dominantly abiotic) CH4 related to low 
temperature, present-day serpentinization. They represent a new case of ophiolitic CH4 similar to that 
reported in Oman, Greece, Turkey, the Philippines and New Zealand. The lack of H2 could be due to 
hydration of olivine and pyroxene by CO2-rich fluids that produce CH4 directly, eventually associated 
with high silica activity that inhibits H2 formation. The low temperature (25-60 °C) estimated for the 
serpentinization in this case also confirms that high enthalpy conditions (such as in volcanic, geothermal 
or mid-ocean ridge systems) are not necessary for CH4 synthesis; any ophiolite with hyperalkaline Ca-OH 
waters may host abiotic methane; abiotic CH4 in low temperature environments may be more widespread 
than previously thought. 
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